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Rheumatoid arthritis

Diurnal production of cortisol and
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prospective cohort study
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ABSTRACT

Objectives A reduced adrenal reserve-associated cortisol
production relative to the enhanced needs of chronic
inflammation (disproportion principle) has been observed
in rheumatoid arthritis (RA). We examined the possible
clinical value of diurnal cortisol measurements in active RA
on treatment response prediction.

Methods Diurnal cortisol production (measured

at: 08-12:00/18:00-22:00) was assessed by
electrochemiluminescence immunoassay in 28
consecutive patients with moderately/highly active RA,

as well as 3 and 6 months after treatment initiation or/
escalation. Twenty-eight COVID-19 patients and 28 age-
matched healthy individuals (HC) served as controls.
Results Saliva diurnal cortisol production in patients

with RA was similar to that of HC, despite 12-fold higher
serum C reactive protein (CRP) levels, and lower than
COVID-19 patients (area under the curve: RA: 87.0+37.6vs
COVID-19: 146.7+14.3, p<0.001), having similarly high
CRP. Moreover, a disturbed circadian cortisol rhythm at
baseline was evident in 15 of 28 of patients with RA vs 4 of
28 and 20 of 28 of HC and COVID-19 patients, respectively.
Treatment-induced minimal disease activity (MDA) at

6 months was achieved by 16 of 28 patients. Despite
comparable demographics and clinical characteristics at
baseline, non-MDA patients had lower baseline morning
cortisol and higher adrenocorticotropic hormone (ACTH)
levels compared with patients on MDA (cortisol: 10.9+4.0
vs 18.4+8.2 nmol/L, respectively, p=0.005and ACTH:
4.8+3.3 vs 2.4+0.4 pmol/L, respectively, p=0.047).
Baseline morning cortisol <13.9nmol/L predicted non-
MDA at 6 months (75% sensitivity, 92% specificity,
p=0.006). Prospective measurements revealed that
individualised diurnal cortisol production remained largely
unchanged from baseline to 3 and 6 months.
Conclusions An impaired adrenal reserve is present

in patients with RA. Further studies to confirm that
assessment of diurnal cortisol production may be useful in
guiding treatment decisions and/or predicting treatment
response in RA are warranted.

Trial registration number NCT05671627.

28 Katerina Laskari,? Aimilia Mantzou,*
Stylianos Panopoulos,? Antonis Fanouriakis
2 Aggeliki Papapanagiotou,® Maria G Tektonidou @ ,

2 Vasiliki-Kalliopi Bournia © 2

WHAT IS ALREADY KNOWN ON THIS TOPIC

= An altered circadian rhythm of adrenal cortisol pro-
duction relative to the enhanced needs of systemic
high-grade inflammation has been proposed for pa-
tients with rheumatoid arthritis (RA), coined as the
‘disproportion principle’.

WHAT THIS STUDY ADDS

= An impaired adrenal reserve is indeed present in
patients with active RA, as shown by prospective
measurements of diurnal cortisol production. In the
current absence of relevant biomarkers, we found
that low baseline saliva cortisol morning levels
(<13.9nmol/L) can predict with 75% sensitivity and
92% specificity an inadequate clinical response fol-
lowing 6-month treatment in a real-life setting.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Further research is required to confirm whether
detection of an impaired adrenal reserve before
initiating or escalating treatment for active RA may
assist treatment decisions and/or predict treatment
response.

INTRODUCTION

Adrenocortical dysfunction, termed also
as ‘relative’ or ‘functional’ adrenal insuffi-
ciency, has been described in patients with
rheumatoid arthritis (RA) without any prior
risk of, or evidence of, overt adrenal insuf-
ﬁciency.l_8 On the other hand, low doses
of glucocorticoids are often an important
component in long-term management of
many of these patients, despite the current
wide use of biological disease-modifying anti-
rheumatic drugs (bDMARDs) and efforts
for glucocorticoid exposure minimisation,
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as stated by the 2022 updated European Alliance of
Associations for Rheumatology (EULAR) recommenda-
tions for RA management.9 For example, the SEMIRA
(Steroid EliMination In Rheumatoid Arthritis) Study
showed that patients with RA, who were on remission/
low disease activity with a combination treatment of
5mg prednisone/day and tocilizumab, relapsed more
frequently when tapering of low-dose glucocorticoids
was attempted, compared with those who continued
treatment including low-dose glucocorticoids."” More-
over, we have examined patients with chronic inflam-
matory rheumatic diseases, including RA, being in
remission under DMARDs (including bDMARDs) and
low-dose glucocorticoids who relapsed upon tapering
of the latter. In these particular patients, we found that
both baseline cortisol levels and time-integrated cortisol
responses to tetracosactide stimulation (Synacthen test)
were lower compared with healthy controls, despite the
absence of established adrenal insufficiency."' Notably,
the reduced adrenal response was independent of age
and disease duration or the duration of prior treatment
with glucocorticoids, pointing to the presence of a rela-
tive adrenal insufficiency in these patients."" Although
current evidence on underlying mechanisms of adren-
ocortical dysfunction in some patients with RA, coined
as the ‘disproportion principle’,'”” ' remains inconclu-
sive, contributing factors may include chronic stress and
chronic inflammation. ' '*

Diurnal cortisol production displays a circadian
rhythm in healthy individuals, with the highest levels in
the morning and a gradual decline throughout the day,
reaching the lowest levels around midnight.”” During
acute stress'* ' or acute infection,'” ** the rhythm is
disturbed and the afternoon and/or midnight cortisol
levels do not drop. Indeed, a disturbed circadian cortisol
rhythm with abnormally high afternoon and night cortisol
levels was found in patients with even mild or moderate
COVID-19 compared with healthy controls.”’ Neverthe-
less, the potential differential effects on adrenal reserve
caused by chronic exposure to proinflammatory cyto-
kines versus acute inflammatory stimulus and/or chronic
versus acute emotional stress have not been systemati-
cally studied. In addition, whether an impaired cortisol
responsiveness to chronic stress and inflammation may
affect the treatment response in RA remains unknown.
Therefore, in patients with active RA in a contemporary
real-life setting, (a) we attempted to confirm the pres-
ence of an impaired adrenal reserve in comparison with
patients with acute infection and healthy individuals, and
(b) we prospectively tested the hypothesis that assess-
ment of diurnal cortisol production may assist in the
prediction of treatment response in patients who initiate
or escalate DMARD treatment. We used saliva instead
of serum for the dynamic assessment of cortisol levels
during the day as a non-invasive, easily collected (stress-
free) method that provides a more accurate representa-
tion of the biologically active free cortisol.

PATIENTS AND METHODS

Study protocol

In this single-centre, 6-month prospective cohort study,
we consecutively enrolled 30 patients with RA fulfilling
the 2010 American College of Rheumatology (ACR)/
EULAR classification criteria® with moderately or highly
active disease (28joint Disease Activity Score (DAS28)
>3.2),2 ** of whom 28 (24 female) completed the study
(one patient withdrew informed consent and one patient
was lost to follow-up). In total, 13 of 28 patients were
newly diagnosed who were going to initiate treatment
with DMARD and 15 of 28 required escalation of DMARD
treatment due to inadequate response (addition of
bDMARDSs, conventional synthetic or targeted synthetic
DMARD:s, or change of a bDMARD with or without addi-
tion of glucocorticoids), according to EULAR recom-
mendations (2019 update) for patients with active RA.*
Exclusion criteria were the following: (1) glucocorti-
coid treatment (at any dose) in the past 6 months, (2)
chronic kidney disease stage III or IV, (3) antineoplastic
treatment, (4) thyroid-stimulating hormone >5IU/L,
(5) Cushing syndrome, (6) hypo/hyperparathyroidism,
(7) use of oestrogen replacement therapy or oral contra-
ceptives, (8) treatment with insulin or haemoglobin Alc
>7.5%, (9) body mass index >35, (10) pregnancy.

Blood and saliva samplings, as well as clinical assess-
ments, were performed at baseline, and at 3 and 6
months of follow-up. Patients’ characteristics, medica-
tions, comorbidities, family medical history, laboratory
and clinical work-up were recorded at the time of blood/
saliva sampling, in compliance with the General Data
Protection Regulation policy of the hospital. Based on the
standard clinical care of our department, treating physi-
cians use EULAR/ACR recommendations (described in
2019% and its later 2022 update”) for assessing disease
activity. Therefore, for each patient, each of the four
core set variables was registered in the patient’s medical
record upon each visit (ie, tender joint count, swollen
joint count, patient’s global assessment, erythrocyte sedi-
mentation rate (ESR) and C reactive protein (CRP)).
According to these measurements, a DAS28-ESR score
was calculated at each visit. DAS28-ESR <2.85 was used to
report minimal disease activity (MDA) during follow—up.26

Assessment of rheumatoid factor (RF) and anti-
citrullinated protein antibodies (ACPA) was performed
at baseline, and patients with positive RF and /or ACPA
were considered seropositive. In addition to clinical
examination and DAS28 assessments, patients were asked
to complete the Perceived Stress Scale Questionnaire-lél27
and the Hamilton Rating Scale Questionnaire for depres-
sion,” both validated for the Greek population,®™" at
baseline, 3 and 6 months. Patients were treated as per
clinician’s judgement with any combination of DMARDs
or biologics, and with or without the addition of gluco-
corticoids (glucocorticoid regimens were not exceeding
15mg/day of prednisolone or equivalent), following
the EULAR recommendations for RA treatment.”” The
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Diurnal saliva cortisol levels (A), time-integrated daily saliva cortisol production (B) and serum CRP levels (C) at

baseline in patients with RA, COVID-19 patients and healthy controls (HC). Saliva cortisol levels were measured at 08:00,
12:00, 18:00 and 22:00, and the time-integrated daily saliva cortisol production was calculated as the total area under the
curve (AUC). Lines in (A) represent mean+SEM, and in (B) and (C) represent mean+SD. P values are derived from one-way
ANOVA followed by Bonferroni multiple comparisons test or the non-parametric Kruskal-Wallis followed by Dunn’s multiple
comparisons test for measurements that did not follow a normal distribution (saliva cortisol measurements did not follow a
normal distribution). *P<0.05 compared with controls; #p<0.05 compared with patients with RA. ANOVA, analysis of variance;

CRP, C reactive protein; RA, rheumatoid arthritis.

treating physicians were blinded to the baseline cortisol
values.

Twenty-eight age-matched and apparently healthy
volunteers (16 females) were recruited from the hospital
personnel during the same time period and served as
controls. Blood and saliva measurements in the control
group were conducted solely at baseline, with no further
assessments throughout the course of the study. Addition-
ally, blood and saliva measurements of 28 age-matched
patients with acute COVID-19 (14 females), which were
assessed at one time point, were obtained from our previ-
ously published cohort,”! and no additional evaluations
were conducted thereafter. The exclusion criteria used
for patients with RA were also followed in the above
groups. All participants signed an informed consent form
and the procedures followed were in accordance with the
1975/1983 Declaration of Helsinki. Patients or the public
were not involved in the design, or conduct, or reporting,

or dissemination plans of our research. The study was
registered in ClinicalTrials.gov (NCT05671627).

Sampling procedures and measurements

Blood samples were obtained from patients with RA and
controls at morning hours (08:00) after an overnight
fast, for the measurement of plasma adrenocorticotropic
hormone (ACTH) and serum CRP. Plasma ACTH was
measured using solid-phase, two-site chemilumines-
cence immunoassays on an IMMULITE 2000 Immuno-
assay System (Siemens Healthcare Diagnostics Products,
UK) (online supplemental file). Saliva samples were
obtained from patients with RA and controls the next
day at prescheduled time points, namely at 08:00, 12:00,
18:00 and 22:00 to test saliva cortisol levels, as previously
described.”! Patients who were on glucocorticoids at 3
and/or 6 months of follow-up were asked to stop medica-
tion at least for 48 hours before blood and saliva sampling.
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All participants were asked to refrain from eating and
brushing their teeth for 1hour before the collection.
The collection of saliva was performed using the Salivette
device (Sarstedt, Nimbrecht, Germany) and the samples
were stored at 0-4°C. Saliva cortisol was measured by an
electrochemiluminescence immunoassay on the auto-
mated analyser Cobas e411-Roche Diagnostics (Mann-
heim). The detection limit was 1.49nmol/L, and the
intra-assay and interassay coefficients of variation were
6.1% and 11.8%, respectively, at the concentration of
3.8nmol/L (online supplemental file). Morning serum
cortisol was also measured using the electrochemilumi-
nescence immunoassay on the automated analyser Cobas
e411-Roche Diagnostics (reference range reported by
the manufacturer: 172-496.5nmol/L).

Definition of disturbed circadian cortisol rhythm

In healthy conditions, cortisol levels are expected to
gradually decline during the day.” For the purpose of
this study, we defined as ‘disturbed’ cortisol rhythm the
lack of this decline in saliva cortisol in at least one of the
three following time points; (1) from 08:00 to 12:00, (2)
from 12:00 to 18:00, and (3) from 18:00 to 22:00.

Statistical analysis

Continuous variables are presented as mean+SD or
mean+SEM, regardless of normality of distribution.*
Differences in continuous variables between two groups
were assessed by independent samples t-test or the non-
parametric Mann-Whitney U test, when appropriate; cate-
gorical variables were assessed by two-tailed Fisher’s exact
test. Comparisons among three groups were performed
by one-way analysis of variance (ANOVA) followed
by Bonferroni multiple comparisons test or the non-
parametric Kruskal-Wallis followed by Dunn’s multiple
comparisons test. Changes in repeated measurements
within the group of patients with RA were assessed by
repeated measurements ANOVA or the non-parametric
Friedman’s test, as applicable. Univariable and multivar-
iable linear regression models were used to adjust for
various confounders (eg, sex, age or disease duration).
We employed receiver operating characteristic (ROC)
curve analysis to evaluate the predictive ability of base-
line morning saliva cortisol levels to distinguish patients
with RA who achieved MDA at 6 months after treatment
from those who did not. We used the point closest to
(0.1) corner in the ROC curve® to define the optimal
cut-off point value. Since morning saliva cortisol values
at baseline exhibited a complex and rather non-linear
relationship with the final outcome, we dichotomised
the variable in order to have a clear threshold that could
effectively separate the two groups of patients with RA.
Logistic regression was then applied to examine the asso-
ciation between low baseline morning saliva cortisol and
the presence of MDA at 6 months while controlling for
potential confounding effects of age, sex, CRP levels and
disease duration.

In order to estimate the daily production of cortisol, we
used serial measurements of saliva cortisol during the day
and calculated the area under the curve (AUC) by inte-
grating the values of the saliva cortisol over the prespec-
ified time points (08:00-12:00/18:00-22:00), using the
trapezoidal method, as previously described.** Due to
integration of diurnal cortisol measurements, AUC is
expressed as a numerical value without any associated
units.

Statistical analysis was conducted with Stata V.13, SPSS
V.27 and GraphPad Prism V.7.05.

As this was an explanatory study and due to (1) lack
of prior knowledge, (2) the small available sample size
and (3) the longitudinal design of the study, power calcu-
lation was not conducted in advance. In addition, and
in line with good practice, the reported p values in this
analysis are used to inform statistical strengths of findings
rather than significance.”

RESULTS

Impaired adrenal reserve in patients with active RA
Twenty-eight patients with RA were examined (mean age:
56+10 years, disease duration: 76+103 months, ranging
from 2 to 336 months), of whom 13 of 28 were seron-
egative, in line with recent studies demonstrating an
increase in the incidence of seronegative RA over the
last decades™ *” (demographics, disease characteristics
and management of patients with RA are presented in
the online supplemental file 1). Questionnaires for stress
and depression revealed that the majority of patients with
active RA (19 of 28) were severely stressed, whereas half
of them (14 of 28) were moderately or severely depressed
at the time of baseline sampling.

No significant differences were observed in plasma
ACTH levels between patients with RA and healthy
controls  (3.6+2.6 vs 3.8+2.1pmol/L, respectively).
Notably, morning, noon and evening saliva cortisol
measurements, as well as the time-integrated daily
cortisol production, as assessed by the AUC, were compa-
rable between patients with active RA and age-matched
healthy controls (figure 1A,B), despite the presence
of 12-fold higher CRP levels in RA (figure 1C). Night
cortisol levels, however, were higher in patients with RA
than controls (4.0+3.5 vs 1.9+0.8nmol/L, respectively,
p=0.005) (figure 1A). The results remained essentially
the same when we performed a linear regression anal-
ysis adjusting for sex (online supplemental table 1). On
the other hand, patients with active RA had lower time-
integrated daily cortisol production compared with age-
matched COVID-19 patients (AUC: 87+38 vs 147+75,
respectively, p<0.001, figure 1B), despite the presence
of comparably high serum CRP levels (figure 1C). This
difference was mostly driven by the significantly higher
noon, evening and night cortisol levels seen in the
context of the acute inflammatory response in COVID-19
patients, as expected (figure 1A).
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Table 1 Baseline characteristics and diurnal saliva cortisol levels in patients with RA with disturbed and intact cortisol rhythm

Disturbed cortisol Intact cortisol

rhythm (n=15) rhythm (n=13) P value
Female sex, n 15/15 9/13 0.035
Age (years) 58+10 55+11 0.210
Disease duration (months) 49+81 108+118 0.046
Seropositive RA, n 7/15 8/13 0.476
ESR, mm/1st hour 42+33 31+20 0.427
CRP levels (mg/L) 35+45 16+18 0.525
(RV: <0.5mg/L)
DAS28-ESR 5.5+1.2 5.3+0.8 0.315
DAS28-CRP 5.2+1.4 4.9+0.9 0.308
Plasma ACTH levels (pmol/L) 4.0+3.4 3.2+1.3 0.771
RV of the assay: morning measurements: 1.9-11.4 pmol/L
Saliva cortisol, 08:00 (nmol/L) 15.9+7.6 14.3+7.8 0.525
Saliva cortisol, 12:00 (nmol/L) 5.5+2.4 5.8+3.0 0.892
Saliva cortisol, 18:00 (nmol/L) 5.2+4.1 3.0+2.4 0.072
Saliva cortisol, 22:00 (nmol/L) 5.5+4.0 2.2+1.6 <0.001
Time-integrated daily saliva cortisol production—AUC 96+36 77+39 0.041
Moderately and severely stressed patients, n 15/15 12/13 0.464
Moderately and severely depressed patients, n 9/15 5/13 0.449

Values are shown as mean+SD. Categorical data are shown as absolute number.
Independent samples Student’s t-test or Mann-Whitney U test was performed for comparisons between groups, as applicable. Two-tailed

Fisher’s exact test was used to compare categorical data.

ACTH, adrenocorticotropic hormone; AUC, area under the curve; CRP, C reactive protein; DAS28, 28-joint Disease Activity Score; ESR,
erythrocyte sedimentation rate; RA, rheumatoid arthritis; RV, reference values.

Further analyses in subgroups of patients with RA (eg,
seropositive vs seronegative patients, glucocorticoid-naive
vs glucocorticoid-experienced patients) did not reveal
striking differences (online supplemental tables 2 and
3). Finally, in a subset of 20 patients with RA, in whom
serum samples were available at baseline, morning serum
cortisol was not associated with saliva cortisol obtained
the next morning, probably reflecting the significant
alterations in the cortisol-binding protein cleavage in
patients with RA, as previously described by Nenke et al.™

Disturbed circadian cortisol rhythm in active RA

Next, we examined individual diurnal measurements
of saliva cortisol to detect possible disturbed circadian
rhythms. We found that 15 of 28 of patients with active
RA and 20 of 28 of COVID-19 patients demonstrated a
disturbed circadian rhythm, in contrast to 4 of 28 healthy
controls (both p<0.01). As shown in table 1, when we
compared disease characteristics between patients with
active RA with disturbed or intact circadian cortisol
rhythm, we found that a disturbed rhythm was more
frequently observed in females and in patients with
shorter disease duration. Regarding age, disease activity,
ESR, CRP, stress and depression levels, no significant
differences were observed. Notably, time-integrated daily
saliva cortisol production was higher in those patients
with disturbed compared with patients with intact

circadian rhythm (AUC: 9636 vs 7739, p=0.04), mostly
driven by higher night saliva cortisol levels (5.5+4.0 vs
2.2+1.6nmol/L, p<0.001, respectively), despite compa-
rable ACTH levels (table 1).

Diurnal production of cortisol in patients with active RA at
baseline predicts treatment response at 6 months
At 6 months, 16 of 28 patients with RA had achieved MDA
(DAS28-ESR <2.85). Despite the fact that no differences
in age, disease duration, ESR, CRP, DAS28, and levels of
stress and depression were evident at baseline between
these two subgroups (table 2), morning baseline saliva
cortisol was lower in those in non-MDA after 6 months of
treatment compared with patients with MDA (10.9+4.0
vs 18.4+8.2nmol/L, respectively, p=0.005), as well as
compared with healthy controls (p=0.007). Interest-
ingly, despite lower cortisol levels in these patients, their
ACTH levels were higher than in patients achieving MDA
(4.8£3.3 vs 2.4+0.4 pmol/L, respectively, p=0.047), prob-
ably reflecting a feedback regulatory mechanism towards
the lower morning cortisol levels (table 2). In addition,
disease duration was numerically higher in patients who
did not achieve MDA after 6 months, compared with
the rest of the patients, although not reaching statistical
significance (p=0.133) (table 2).

ROC curve analysis performed to evaluate the predic-
tive ability of baseline morning saliva cortisol levels to
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Table 2 Baseline characteristics and saliva cortisol levels in patients with active RA stratified according to treatment

outcome at 6 months

Patients not achieving  Patients on

MDA at 6 months MDA at 6 months
Baseline characteristics (n=12) (n=16) P value
Female sex, n 11/12 13/16 0.613
Age (years) 56.7+9.4 56.8+11.9 0.984
Disease duration (months) 105+113 55+92 0.133
Seropositive RA, n 6/12 9/16 1.000
ESR, mm/1st hour 36+27 38+30 0.829
Serum CRP levels (mg/L) 3048 23+25 0.873
(RV: <0.5mg/L)
DAS28-ESR 5.5+0.9 5.3+1.1 0.569
DAS28-CRP 5.2+1.2 4.9+1.2 0.611
Plasma ACTH levels (pmol/L) 4.8+3.3 2.4+0.4 0.047
RV of the assay: morning measurements: 1.9-11.4 pmol/L
Saliva cortisol, 08:00 (nmol/L) 10.9+4.0 18.4+8.2 0.005
Saliva cortisol, 12:00 (nmol/L) 6.0+2.9 5.4+2.5 0.302
Saliva cortisol, 18:00 (nmol/L) 2.7+2.0 5.3+4.2 0.042
Saliva cortisol, 22:00 (nmol/L) 4.4+4.5 3.7£2.7 0.698
Time-integrated daily saliva cortisol production (AUC) 74+29 97+41 0.053
Disturbed cortisol rhythm, n 7/12 8/16 0.718
Moderately and severely stressed patients, n 12/12 15/16 1.000
Moderately and severely depressed patients, n 8/12 6/12 0.252

Values are shown as mean+SD. Categorical data are shown as absolute number.
Independent samples Student’s t-test or Mann-Whitney U test was performed for comparisons between groups, as applicable. Two-tailed

Fisher’s exact test was used to compare categorical data.

ACTH, adrenocorticotropic hormone; AUC, area under the curve; CRP, C reactive protein; DAS28, 28-joint Disease Activity Score; ESR,
erythrocyte sedimentation rate; MDA, minimal disease activity; RA, rheumatoid arthritis; RV, reference values.

distinguish patients with RA who achieved MDA at 6
months after treatment from those who did not revealed
that a value <13.9nmol/L could predict failure to
achieve MDA with 75% sensitivity and 92% specificity

Sensitivity
10

08
06
04

02

02 04 06 08 1.0
1-Specificity

Figure 2 Receiver operating characteristic curve for
baseline morning saliva cortisol levels predicting no minimal
disease activity (DAS >2.85) at 6 months in patients with
RA. AUC: 0.807, 95% CI: 0.634 to 0.981, p=0.006. AUC,
area under the curve; DAS, Disease Activity Score; RA,
rheumatoid arthritis.

(p=0.006) (figure 2). The predictive value of low saliva
morning cortisol was independent of age, sex, CRP levels
and disease duration (overall adjusted OR: 53.7, 95%
CIL: 3.9 to 744). Further analysis demonstrated that of
those seven patients who displayed both morning saliva
cortisol <13.9nmol/L and disturbed diurnal cortisol
rhythm at baseline, none achieved MDA after 6 months
of treatment.

In the subset of patients with RA (n=20), in whom both
serum and plasma samples were available at baseline,
we also calculated the cortisol/ACTH ratio, to elaborate
upon the functionality of the hypothalamic—pituitary—
adrenal (HPA) axis. At 6 months, the cortisol/ACTH
ratio was significantly lower in those patients who did
not achieve MDA (10 of 20) compared with patients who
achieved MDA (10 of 20) at 6 months (online supple-
mental table 4), mostly driven by the significantly higher
plasma ACTH levels in the non-MDA group.

Individualised diurnal production of cortisol is comparable
overtime and not associated with treatment response

Finally, we compared diurnal cortisol production over
time in the whole cohort, as well as between patients who
achieved MDA at 6 months versus the remaining patients.
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We found that individualised time-integrated daily
cortisol production from baseline to 3 and 6 months was
comparable between the two subgroups, despite signif-
icant treatment-induced changes in the disease activity
and the degree of severe stress (online supplemental
table 5). Similarly, individualised serial measurements of
saliva cortisol during the day did not change significantly
from baseline to 3 and 6 months.

DISCUSSION
By assessing diurnal saliva cortisol production in real-
life patients with active RA, we found an impaired
adrenal reserve as shown by (a) the lack of differences
compared with healthy controls in both time-integrated
daily cortisol production and individual serial cortisol
measurements during the day, despite the presence of
systemic inflammation, and (b) the lower diurnal saliva
cortisol production compared with COVID-19 patients
despite the comparable inflammatory status. In addi-
tion, we found an increased proportion of patients with
disturbed cortisol rhythm in the RA cohort compared
with healthy controls and comparable with the propor-
tion seen in COVID-19 patients. These findings further
confirm the role of adrenocortical dysfunction in the
pathophysiology and progression of RA.™

Along this line, we also found that at the baseline of
the present prospective study, lower morning saliva
cortisol with corresponding higher plasma ACTH levels
was present in those patients not achieving MDA after
6 months of treatment. Moreover, we report that low
morning saliva cortisol levels (<13.9nmol/L) in patients
with active RA before initiation or escalation of drug treat-
ment may serve as a prognostic biomarker in identifying
those patients who would be unlikely to achieve MDA.
Interestingly, the serum cortisol/ACTH ratio was also
significantly lower in those patients who did not achieve
MDA compared with patients who did at 6 months. This
finding supports the notion that the problem lies in the
adrenal glands, which, despite the increased stimulation
of ACTH secretion from the pituitary gland, are not able
to follow, suggesting that the adrenal cortices are either
less sensitive and/or hypotrophic/hypoplastic in patients
with RA. Certainly, our data cannot preclude adrenocor-
tical atrophy/hypoplasia because of pre-existing hypo-
function of the hypothalamic—pituitary unit of the HPA
axis, as occurs in the arthritis-susceptible Lewis rat strain,
a model of many autoimmune/inflammatory disor-
ders 4041

Despite several attempts, including machine learning
utilisation,w_44 no single established biomarker has been
reported in a real-ife setting.*” Finally, the lack of note-
worthy changes of diurnal production of saliva cortisol
over time, in spite of the significant treatmentinduced
changes in disease activity and degree of stress, provides
additional evidence that the impaired adrenal reserve in
RA is probably an intrinsic condition associated with the

underlying pathophysiological molecular mechanisms
and thus may not be readily reversible.

In patients with RA, symptoms follow circadian
rhythms with impaired function due to pain and joint
stiffness being most severe in the early morning®® * asso-
ciated with increased proinflammatory cytokines, such
as tumour necrosis factor and interleukin 6, occurring
during late night hours.”® * Increased endogenous
nocturnal production of cortisol could alleviate these
morning symptoms,"” but as we have shown here, the
adrenal response to stress and inflammation is impaired
in these patients. Several studies have reported that the
optimal time for delivery of glucocorticoid treatment
would be during the night, in order to target the effects
of nocturnal proinflammatory stimuli®* and probably
compensate for the presence of an impaired adrenal
reserve.

High-quality trials since late 50s demonstrated the clin-
ical efficacy of low-dose glucocorticoids in the manage-
ment of RA’ * and the beneficial effect on structural
damage.”® Contemporary multicentre randomised clin-
ical trials have proved efficacy of low-dose glucocorticoids
in RA and favourable effects versus placebo or tapering,
validating and replicating the earlier findings. In the
GLORIA trial (a pragmatic Glucocorticoid Low-dose
Outcome in Rheumatoid Arthritis trial), researchers
compared the results of 2 years of prednisone (5mg/
day, equivalent to a dosage of 20mg hydrocortisone in
replacement therapy) or placebo added to optimised
standard care in patients with established RA, showing
that prednisone, even in this low dose, significantly
reduced disease activity and joint damage progression.”’
In the SEMIRA Study,"’ continuation of low-dose pred-
nisone (bmg/day) in patients who achieved low disease
activity with tocilizumab was safe and demonstrated a
better disease control than tapering.

Taken together, the documented efficacy of comple-
mentary low-dose prednisone may be related to our find-
ings of an impaired adrenal reserve in patients with RA
described here and supports the addition of glucocorti-
coids in RA treatment regimens, as a potential ‘replace-
ment’ therapy.'' *®

The main limitations of our pilot study include the
following: first, the sample size was relatively small and
patients with both early and established RA were included.
Second, as an explanatory analysis, it lacked power size
calculation. Third, a unified treatment protocol was not
used, and clinical parameters recorded did not include
all the core set measures as per the EULAR/ACR collab-
orative recommendations for reporting disease activity
in clinical trials of patients with RA.”” Our study design,
however, reflects the routine clinical practice in RA
management in a real-life clinical setting. Fourth, stress
and depression were not systematically assessed in the
control groups; therefore, their relative contribution on
the degree of adrenal reserve exhaustion in RA cannot
be assessed. Finally, at this point, we do not have data
from a control group of patients with RA with inactive
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disease at baseline. However, the lack of differences in
the diurnal cortisol production from baseline to 3 and
6 months in our cohort, despite significant treatment-
induced changes in the disease activity, offers an indi-
rect insight on the potential differences of the adrenal
response between patients with active and inactive RA.

To conclude, our prospective data in patients with active
RA suggest that, at least in some patients, the cortisol
production is impaired, and this may be due to the fact
that the adrenal functional reserve has been exhausted.
In turn, an impaired adrenal reserve may contribute to
the perpetuation of inflammation. Whether this condi-
tion could be partly or fully reversible after long-term
disease remission remains to be elucidated. Identifying
early in the course of the disease those patients with
impaired adrenal reserve is challenging. A simple and
easy-to-use method, such as measuring morning saliva
cortisol levels, could be a valuable prognostic biomarker
in clinical practice.
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